Growth of Vaccinia Virus in HeLa Cells Infected with Varying Amounts of Vaccinia Virus
As shown in Fig. 1 (curve A), the growth of vaccinia virus in HeLa cells infected with a relatively small amount of virus was remarkable during the first two days and the maximal titer was obtained 3 or 4 days after infection.
The virus in the medium increased in parallel with that in the cells, showing a difference in than that of the experiment in Fig. 1 . The first significant rise in cell virus was 11 hours following infection, followed by a continual and gradual increase during the subsequent 12 hours and the maximal titer was obtained in the 49 hours' harvest. The release of infective particles into the medium was delayed by several hours and then its titer rose in parallel with that of cell virus , keeping a nearly constant difference of from 1 to 1.5 in logy lower as compared with the latter .
The general trend of the growth curve of vaccinia virus in HeLa cells given a larger inoculum or a smaller one was the same as the preceding, showing the initial rise in cell virus from 10 to 12 hours following infection and that in medium virus several hours later.
One of the typical experiments is depicted in Fig . 3 In these experiments HA was detected first in the cells 10 hours (Fig. 3 ) or 13 hours (Fig. 2) after inoculation and increased gradually as the virus titer rose. The measurable amount of HA was not accumulated in the medium before 16 hours (Fig. 3) or 25 hours (Fig. 2) following infection, after which a similar curve, but with a steeper slope, was obtained as compared with that of cell HA. Consequently in later stages medium HA was higher than cell HA, while medium virus was about 1/10 of cell virus (Figs. 1 and 2) . This suggests the difference of the ease with which virus particles or HA come out of the cells. The first appearance of detectable CF-antigen in the cells was 6 hours following infection when the cells were infected with a heavy inoculum and 17 hours after infection, when they were given a less inoculum. In the medium, however, a small amount of CF-antigen was detectable earlier, i. e. 4 and 7 hours following inoculation respectively. The cell CF-antigen increased gradually after its appearance, but the medium CF-antigen remained around the detectable level during several hours following its first appearance. It is to be elucidated if the CF-antigen measurable earlier in the medium than in the cells is newly produced or originated from inoculum modified by host cells.
Generally the amount of the medium CFantigen later surpassed that of the cell CF-antigen.
The Release of Vaccinia Virus from the Cells into the Medium
The preceding experiments showed that the virus titer in the cells was always higher than the medium virus titer over the period observed and no evidence of the burst release of mature virus as observed in T-bacteriophages has ever been ,given. An experiment was, therefore , set forth to see the change of virus titer in the medium, which was replenished daily with fresh maintenance solution . As a control, aliqout of 3 bottles was harvested every day , which were infected in the same manner and of which the medium was left unchanged . After 5 days, when the experiment was terminated , the cells of the medium-change group were harvested.
As illustrated in Fig. 4 Table 1 , which indicates that infective particles were released so rapidly into the fresh medium that, after 5 hours following the medium change, it contained the same amount of virus as it did before the replacement. The situation was the same as regards HA, but the CF-antigen seemed to be released more slowly. It has been shown that the ratio PFU/HA is generally constant in CAM infected with vaccinia virus (Oya, 1955; Metcalf, 1955; Maitland, 1956 ). These data, however, were obtained in the infected tissue exposed to air, though closed by egg shell and no differentiation was made between the intracellular and extracellular components.
Maitland collected a small amount of the liquid accumulated on the surface of the dropped area of CAM, but the quantity of the liquid fluctuates so widely from egg to egg that it is likely to be extremely difficult to keep the infected tissue under constant conditions in relation to the liquid.
Taking advantage of tissue culture system, which allows a continuous cell line to be maintained under relatively uniform conditions, comparison was made of the ratio of infective particles to HA titer in the cell homogenate and in the medium. In Table 2 are presented 29 results from 7 experiments.
It was noticed that the ratio in the cells at an earlier stage of infection, when no measurable amount of HA was yet accumulated in the medium, was lower than those at later stages. However, in consideration of the difference in the pattern of the curves between infective particles and HA, it will be more reasonable to compare the ratio of the total culture (cell homogenate titer plus medium titer), as the consideration of thermal degradation is not likely to be important under the experimental conditions. As shown in Table 2 and Fig. 5 , the ratio PFU/HA of the total culture was nearly as suspension in saline (Craigie and Wishart, 1936b ) and the nucleo-protein bound CF-antigen within elementary bodies was reported by Smadel et al. (1942) . A portion of the medium CF-antigen might be accounted for by the antigen freed from infective particles either newly produced or of inoculum origin, which did not participate in infection. This makes it difficult to evaluate the accurate amount of CF-antigen produced in the infected cells .
Influence of the Incubation Temperature Following Infection on the Growth of Vaccinia Virus and the Production of Soluble Antigens in HeLa Cells
An attempt was made to test the possibility of modifying the mode of the reproduction of infective particles and soluble antigen , e.g. the ratio PFU/HA, by incubating the infected culture under lower temperatures . As illustrated in Fig. 7 (Oya , 1955; Metcalf, 1955; Maitland, 1956 indicate that the hemagglutinin is not the essential substance in the course of poxvirus reproduction. The constant ratio, however, with which infective particles and hemagglutinin are synthesized in the cells infected with dermo-vaccinia virus suggests that this soluble substance should not be neglected for the full understanding of the synthesis of vaccinia virus. The failure in an attempt to modify the ratio by changing the post-incubation temperature appears to suggest a close relationship between the sequences of the synthesis of these two substances.
When HeLa cells were infected with a large inoculum, complement fixing antigen in the cells reached the detectable level a little earlier than the hemagglutinin did or the infective particles showed a significant rise in titer. This does not necessarily mean that the complement fixing antigen is first synthesized in the infected cell, though no evidence to exclude the possibility has ever been exemplified. The difference in sensitivity of detecting antigens makes the comparison more complicated and no inf ormations have ever been obtained concerning the fate of surface or nucleoprotein-bound complement fixing antigen of the elementary bodies after they entered into the cells. A small amount of the complement fixing antigen was measurable in the medium before the antigen could be detected in the cells and it was suggested that this antigen might not be that newly produced in the infected cells but be derived from the inoculated virus itself (probably the residual virus), because it was also found in the medium of the infected culture kept at 20°C, where no significant viral growth occurred. Another fact which is likely to support the view is that the medium complement fixing antigen remained around the detectable level for several hours and did not show any significant rise in titer before the detectable amount of the antigen was accumulated within the cells. Maitland (1956) suggested a direct relationship between the numbers of elementary bodies and the amount of complement fixing antigen produced in the chorioallantoic membrane of fertile hen's eggs and our data appear to be favorable for the view. (Fig. 6) . However, to get more detailed informations on the reproduction of the complement fixing antigen of vaccinia virus, it will be requested to differentiate the reproduction of LS-antigen (Craigie and Wishart, 1936b) and that of NP-antigen. NP-antigen was reported by Smadel et al. (1942) as being bound to the nucleoprotein of the elementary bodies. In the present work no consideration was made about this problem, chiefly due to technical difficulties. Consequently it appears to be too early at this moment to discuss on the amount of the complement fixing antigen produced in the cells.
It is interesting that the cell virus titer was always higher than the medium virus titer, even after the degeneration of cells became remarkable and a larger portion of the cells sloughed from the glass wall. It is thus suggested that vaccinia virus is not likely to be released easily out of the cell. A certain amount of virus, however, was freed from the cells in a shorter period of time, when the medium was renewed during the period of active virus growth in the cells. When examined after 5 hours following medium replacement, the medium virus was shown to have recovered its titer. It must be taken into consideration that the imbalance between the fresh medium and the cells might partly account for the rapid recovery of the equilibrium of the virus titer between them.
When HeLa cells infected with vaccinia virus were incubated further at lower temperature, growth of virus and the production of soluble antigens were retarded, 
